Summary

The Mechanical Components Branch at NASA Glenn Research Center hosted a
workshop on Tuesday, May 14, 2002 to discuss space mechanisms technology. The theme for
this workshop was “Working in the Cold,” a focus on space mechanisms that must operate at low
temperatures. We define “cold” as below —60 °C (210K), such as would be found near the
equator of Mars. However, we are also concerned with much colder temperatures such as in
permanently dark craters of the Moon (about 40K).

Introduction

This was the second in a planned series of space mechanisms technology workshops
sponsored by the Mechanical Components Branch at NASA Glenn Research Center. The
previous workshop in November 2000 considered space drives, mechanical transmissions that
perform as speed reducers to match the high speed, low torque output, typical of electric motors,
to the low speed, high torque required to operate machinery. This workshop focused on space
mechanisms that must operate at low temperatures. We define “cold” as below —60 °C (210K),
such as would be found near the equator of Mars. However, we are also concerned with much
colder temperatures such as in permanently dark craters of the Moon (about 40K).

These low temperatures present challenges for mechanisms design. At extreme
temperatures, conventional liquid lubricants (including grease) may not be feasible, therefore
either solid lubricants must be used, provision must be made to heat lubricants, or some
unconventional lubricant may be considered. The goal is to identify the problems caused by
these conditions and to project what resources will be needed to support future missions.

This report summarizes the nine presentations on space mechanisms technology given at
the workshop.

Overview of Glenn Mechanical Components Branch Research

Mr. James Zakrajsek, chief of the Mechanical Components Branch, gave an overview of
research conducted by the branch. Branch members perform basic research on mechanical
components and systems, including gears and bearings, turbine seals, structural and thermal
barrier seals, and space mechanisms. The research is focused on propulsion systems for present
and advanced aerospace vehicles.

For rotorcraft and conventional aircraft, we conduct research to develop technology
needed to enable the design of low noise, ultra safe geared drive systems. We develop and
validate analytical models for gear crack propagation, gear dynamics and noise, gear diagnostics,
bearing dynamics, and thermal analyses of gear systems using experimental data from various
component test rigs.

In seal research we develop and test advanced turbine seal concepts to increase efficiency
and durability of turbine engines. We perform experimental and analytical research to develop
advanced thermal barrier seals and structural seals for current and next generation space vehicles.
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Our space mechanisms research involves fundamental investigation of lubricants,
materials, components and mechanisms for deep space and planetary environments.
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Mechanical Components Branch
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Mechanical Components Branch

Drive Systems Experimental Facilities - NASA Glenn Research Center

Mechanical Components Branch
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Mechanical Components Branch

Gear Design Guide for Failsafe Operation

Tooth:on: one:rim
fractures but
corresponding tooth
ortsecand” rim
continuesto-camy
full load 13+

Typical Design Map

i

10
b 05 tooth fracture

121

Backup 4 4
ratio,

08¢
0Tt
08
057

120 110 100 90 80 70 60 50
it Initial crack location, &, (deg)

W
g}
srackisits e

Mechanical Components Branch
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Mechanical Components Branch

Technologies to Reduce Gear Noise at the Source
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Space Mechanisms Experimental Facilities - NASA Glenn Research Center
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Mechanical Components Branch

Space Mechanisms Research
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